We consider that iu the majority of cases, bloody sputum or hemoptysis in nonmalignant diiases is derived from the broncbial circulatory system. Selective bronchial arteriographic examination was performed in 122 pfitients with benign pulmonary diseases. In the markedly hypervascular group, the patients who bad blood in sputum were significantly lrvger in number than those of moderate or mild paups. Bronchopulmonary anastomosis was found h 45 patients. Out of the 45 patients, 23 n 1868, Rasm~ssen'.~ described small peduncu-I lated pear-shaped aneurysms found inside tuberculous cavities. These aneurysms develop from branches of pulmonary arteries or bronchial arteries which traverse the wall of the cavity, and the rup ture of these aneurysms results in hemoptysis.
I lated pear-shaped aneurysms found inside tuberculous cavities. These aneurysms develop from branches of pulmonary arteries or bronchial arteries which traverse the wall of the cavity, and the rup ture of these aneurysms results in hemoptysis.
Since blood in sputum is a common symptom in patients with pulmonary diseases, it is very important to find out the reason for the bleeding. Selective bronchial arteriographic examination has recently been used to study pathologic conditions of the lung,-and it has also been employed in the study of the pathology and identity of the vessels in the affected lungs using postoperative and postmortem ~pecimens.~.~ It has been known' that the bronchial arteries are actively involved in all pathologic processes. We consider blood in sputum or hemoptysis to be derived from the bronchial circulatory system. The purpose of this report is to make clear the correlation between the occurrence of blood in sputum or hemoptysis and bronchial circulation.
The patients in this series were 67 men and 55 women between the ages of 17 and 73 years, referred to the Division of Thoracic Surgery of the Keio University Hospital. A total of 122 patients had nonmalignant diseases of the lung or some symptoms pertaining to the respiratory tract.
The bronchial arteries were selectively catheterized after percutaneous puncture of the femoral artery under local anesthesia. Ten milliliters of Conraxin Lao was injected manually into each bronchial artery being explored via red KIFA catheter. Anteroposterior and lateral view chest x-ray films were taken in series with the patient in the supine 'Deparhpent of Surgery, School of Medicine, Keio University, Tokyo, Japan. Exposures were made for eight seconds starting at the beginning of the injection. In the first second, the emsure frequency was one frame/sec (this first exposure taken before the entrance of the contrast medium was made for comparison with those made afterwards). In the next two seconds, the exposure fmquency was two frames/sec and in the last five seconds, again one frame/sec. Most patients also had pulmonary angiographic examination.
Of the total 122 patients, bronchid arteriogram of the right bronchial artery was made in 66 patients, the left bronchial artery in 24 patients and the common trunk in 18 patients. Of the remaining 14 patients, bronchial arteriogrm of the right and left bronchial arteries were taken in seven patients, the right bronchial artery and common trunk in three patients, the left bronchial artery and common t d in two patients, a common trunk and right i n t e r d arteriogram in one patient and in another patient, left bronchial and left intercostal arteriograms were made.
Although 15 patients had bilateral disease, in four of these patients-one patient with bronchiectasis, one with silicosis and two with sarcoidoshnly a unilateral bmnchial arteriogram was taken.
In 61 of the 76 patients in whom right bronchial arteries were explored, the arteries arose from an intercostobronchial trunk so that in these 61 arteriograms, right bronchial and There is newly apparent faint density (arrow) in upper lung field. Mild hypervascularity with bronchopulmonary anastomosis is seen in this area. right intercostal arteries appear simultaneously.
In the analysis of the material, attention was paid to the degree of the bronchial hypervascularity and bronchial arterypulmonary artery anastomosis seen on the selective bmnchial arteriogram. The degree of bronchial hypervascularity was classified into four groups: marked ( t h b hypervascularity h a fine network) ( Fig 1 ) , modercrte (this is between marked and mild hypervascularity ) ( Fig 2 ) , mtld ( there are only one or two small vessela in the affected area) (Fig 3) , andnone(novascularityisseeninthe affected area) (Fig4). Since such a classification is considerably subjective, we classified patients in whom the decision was M c u l t to the lower grade.
In the evaluation of peripheral bronchopulmonary anastomoses, we have noted Y-shaped vessels as described by Botenga,a which are considered to be branches of the pulmonary artery in the peripheral area of the lung on the selective bronchial arteriogram. On the serial bronchial arteriogram, anastomosing peripheral branches of the pulmonary artery appear in the early phase of the arteriogram and that of the pulmonary vein appear in the later phase. The latter are more clearly shown on the later films. When necessary, pulmonary angiographic examination was used to differentiate pulmonary artery from pulmonary vein. In general, it was not M c u l t to recognize larger hilar or parahilar bronchopulmonary anastomoses.
Those cases in which an accurate estimation appeared impossible due to the failure of filling of the contrast medium in the bronchial artery being explored, were not included.
RESULTS
In our series, patients who had blood in sputum or hemoptysis were as follows: 16 (31.4 percent) of 51 patients with pulmonary tuberculosis, 14 (70 percent) of 20 patients with bronchiectasis, two (28.6 percent) of seven patients with pneumonia of various types, one of two patients with lung abscess, two (28.6 percent) of seven patients with bullous emphysema, one patient with hemothorax, one patient with aspergillosis, one patient with Takayasu disease, one patient with a history of empyema, and three undiagnosed cases.
In the 51 patients with pulmonary tuberculosis, four patients had minimal disease and 47 had nioderately advanced disease. Twenty-four patients had cavitary lesions and of these, seven patients had bloody sputum, while in the 27 patients without cavitary lesions, nine had bloody sputum.
Of the 20 patients with bronchiectasis, five had bilateral disease. All of these patients with bilateral bronchiectasis had blood in sputum or hemoptysis.
In the seven patients with pneumonia of various types, five had organizing pneumonia which appeared as a localized density on the chest x-ray film so that it was necessary to determine that this was not lung cancer. One of these patients had bloody sputum. Two patients had radiation pneumonitis and one of these had bloody sputum.
In the seven patients with bullous emphysema, bullous lesions were limited to one lung in five patients; the other two patients had bilateral bullous lesions.
One patient with a history of empyema had three thoracotomies about three years, two years, and one and one half years previously because of osteogenic sarcoma of the mediastinum, recurrent tumor, and postoperative empyema. Although he later had bloody sputum, chest x-ray films revealed no recurrent signs of the malignant diseases or empyema, either at that time or thereafter.
Of the 122 patients, 42 (34.4 percent) had bloody sputum or hemoptysis, 25 of whom had recurrence of the hemoptysis or persistent bloody sputum. Seventeen other patients had this symptom only one or two days.
All of the nine patients with benign mediastinal tumor, six patients with empyema and four patients with sarcoidosis did not have this occurrence.
In the nonhypewascular group, none of the patients had bloody sputum. Nine (31.0 percent) of the 29 patients with mild hypervascularity, 19 (30.6 percent) of 62 patients with moderate hypewascularity, and 14 (58.3 percent) with marked hypervascularity respectively had bloody sputum. In the marked hypervascular group, the patients who had blood in sputum were significantly larger in number than those of the moderate or mild group (P<0.02 and P<0.05) ( Table 1 ) .
Bronchopulmonary anastomosis was found in 45 patients in this series. Of these 45 patients, 23 (51.1 percent) had bloody sputum or hemoptysis, whereas 19 (24.7 percent) of the remaining 77 without bronchopulmonary anastomosis had this. The difference in frequency of bloody sputum or hemoptysis between these two groups with or without anastomosis was statistically sigdcant (P<0.01) ( Table 2) . Moreover, of the 13 patients with both marked hypervascularity and bronchopulmonary anastomosis appearing on the selective bronchial arteriogram, nine ( 70 percent ) had bloody sputum. The frequency of occurrence of bronchopulmonary anastomosis was as follows: 19 (37.3 percent) of 51 patients with pulmonary tuberculosis, eight (40 percent) of 20 patients with bronchiectasis, two (33.3 percent) of six patients with empyema, four ( 57.1 percent ) of seven patients with pneumonia of various types, three (33.3 percent) of nine patients with mediastinal tumor, one of two patients with lung abscess, one (14.3 percent) of seven patients with bullous emphysema, one with a history of empyema, one with aspergillosis, one with Takayasu disease, one with silicosis, one with sequestration, one with suspected tuberculosis, and one undiagnosed case. None of the patients with sarcoidosis had bronchopulmonary anastomosis.
Seven patients in this series had intercostopulmonary anastomosis. Of these seven patients, three also had bronchopulmonary anastomosis.
The alterations of bronchial circulation and the occurrence of blood in sputum of 122 patients are summarized in Table 3 . Figure 1 shows right selective bronchial arteriogram of a patient with bronchiectasis. There was marked dilatation of the right bronchial arteries and pooling of the contrast medium in these arteries. Because of recurrent significant hemoptysis for 15 years, a decision was made to do right middle and lower lobectomies, which resulted in no further episodes of hemoptysis for more than three years.
Intercostal arteriogram of old fibrocaseous pulmonary tuberculosis is shown in Figure 5 . This 60-year-old man who had left thoracoplasty ten years If such anastomotic shunts are present, we consider that the pathologic conditions which have a tendency to rupture the pulmonary capillary, result from the entraxice of the high pressure intercostal circulation into the pulmonary circulation that is ordinarily of low pressure.
Various types of pneumonia did not reveal marked hypervascularity, but bronchopulmonary anastomosis was demonstrated frequently on bronchial arteriogram.
In our series, two patients with bullous emphysema had hemoptysis. One patient, a 51-year-old man, had been in good health until he had significant hemoptysis. The routine chest x-ray film following his incidental bleeding revealed an ovoid-shaped thin-walled cystic density with fluid level in the right apex (Fig 6) . An additional faint density was noted below the lesion. The fluid level disappeared three weeks later. Bronchoscopic examination performed after his admission revealed no specific findings because the bleeding had already ceased. Selective bronchial arteriogram of this patient revealed moderate hyperdevelopment of the bronchial artery in the right upper lung field. One branch of these bronchial arteries extended to the edge of the ovoid lesion and formed arterial network and bronchopulmonary anastomosis (Fig 2) . In another patient with infected bulla, no bronchopulmonary shunts were visible, but multiple fine arterial networks adjacent to the bulla were visible on the bronchial arteriogram. Of the remaining five patients without hemoptysis, three had moderate hypervasdarity, one had mild hypervascularity and one did not have any hypervascularity of the bronchial artery.
Bronchial arteriogram of the patient with empyema displayed various vascular patterns based on the inflammatory changes in the lung. In one patient with aspergillus empyema, the bronchial arteriogram showed marked hypervascularity of intrapulmonary lesions, but there was no vascularity of the pleural wall. In one with bacterial empyema, intercostal arteries arose from an intermstobronchial trunk, moderately vascularized the pleural wall and formed shunts between a few small branches of the bronchial artery. The remaining four patients had mild or moderate hypervascularity of the bronchial artery. In two of them, bronchial arteries extended to the pleural wall. In the other two patients, the vascularity of the bronchial artery was limited to intrapulmonary lesions.
Two patients with lung abscess had a marked hypervascularity in and along the cavity wall. One of these patients had both bloody sputum and bronchopulmonary anastomosis located near the hilum on the affected side. Benign mediastinal tumor provided various interesting features of bronchial circulation. The patients with these tumors had hardly any inflammatory process so that no bloody sputum was evident. However, various arterial shunts were seen, ie bronchial artery-pulmonary artery, bronchial arteryinternal thoracic artery and bronchial artery-pericardiacophrenic artery anastomoses. The question arises why hypervascularity and various arterial shunts occur in the radiologically normal area. Mechanical and hemodynamic factors certainly may be important but they do not seem to explain these phenomena.
The pattern of sarcoidosis on bronchial arteriogram revealed identical vascular patterns in each case such as hypervascularity in hilar lymph nodes, and no bronchopulmonary akstomoses.
DISCUSSION
Blood in sputum is one of the common symptoms in patients with pulmonary diseases, and it is not rare that these patients initially have this symptom. Blood in sputum probably arises from various causes, such as the frailty of vessels caused by idammation, profuse vascularization of the bronchial artery, an increase in blood flow through the bronchial circulatory system, as well as an increase in pulmonary capillary pressure due to anastomosis between the high pressure systemic arteries and the low pressure pulmonary arteries, or from a combination of these various causes.
The increase in oxygen required in a limited area, the proliferation of granulation tissue and reduction in blood flow through the pulmonary arteries lead to compensatory dilatation and hyperdevelopment of the bronchial arteries. Miyazawae reported that there was no correlation between the increase in bronchial blood flow and the degree of hypervascularity. However, we found an increasing frequency of blood in sputum in accordance with the degree of hypervascularity. In the nonhypervascular group, none of the patients had bloody sputum. These facts suggest that bronchial hypervascularity is related to the occurrence of bloody sputum.
Bronchopulmonary anastomosis in normal lungs has been denied by Miller.lo Cudkowid has stated that the bronchial arterioles which appeared in the adventitial coat of the pulmonary artery as vasa vasorum were confined to the adventitia in normal lungs, but in a pathologic condition they may be in communication with the lumen of a pulmonary artery. Pump11,12 has c o h e d numerous anastomoses between bronchial and pulmonary arteries using corrosion models of human adult lungs. Ac-cording to his observation, examples of two different types of bronchopulmonary anastomoses were encountered-one which measured 72p to 325p in diameter located on the small bronchi, another which measured from 24p to 48y in diameter, found in the pulmonary lobules.
Generally, postoperative or postmortem arteriographic examination of the lung invariably reveals more abundant circulation than that evident in oiuo examination7 and even with the most advanced technique, in uiuo, presently available apparatus does not permit visualization of anastomoses smaller than the diameter of the focal spot itself. In lungs without any abnormalities, no anastomosis between systemic and pulmonary arteries can be seen on xray.6 In this paper, bronchopulmonary anastomosis does not indicate the precapillary shunts in lungs without any abnormalities, but rather the larger anastomosis which appears in inflammatory changes or which have been presentl2.lS but not visible until dilated under pathologic conditions.
Although there is virtually no difference between the bronchial and pulmonary artery pressure at the capillary level,5 the difference in pressure is the more significant, in proportion to the closeness of the anastomosis site to the hilum. If the anastomosis is close to the hilum, the entrance of high pressure systemic arterial blood into the low pressure pulmonary artery may reflect the pathologic conditions which have a tendency to rupture the pulmonary capillary. Furthermore, when these conditions are present with other factors such as inflammation, bleeding may result. North4 also suggests that the anastomoses between the systemic arteries and pulmonary vessels may be the significant factor in hemoptysis. Operation was performed on his patient with recurrent significant hemoptysis, and the region with large anastomoses between systemic and pulmonary vessels was resected, after which there were no more hemorrhages.
All of the blood in sputum or hemoptysis is not attributed to bronchial hypervascularity and bronchopulmona'ry anastomosis. However, it seems certain that these two findings are sigdicant factors in the cause of bloody sputum and hemoptysis. Actually, 9 of 13 patients with both marked hypervascularity and bronchopulmonary anastomosis had bloody sputum or hemoptysis.
In this series, of the 42 patients with blood in sputum, ten patients with bronchiectasis, nine with pulmonary tuberculosis, one with organizing pneumonia, one with bullous emphysema, one with lung abscess, one with hemothorax and one with aspergillosis underwent pulmonary resection. All of the resected lungs were already known from selective bronchial arteriographic examination to have areas with bronchial hypervascularity or bronchopulmonary anastomoses. These patients who had pulmonary resection had no further bouts of bleeding.
In general, we can surmise the site of the bleeding in the patients with bloody sputum or hemoptysis by examination of routine chest x-ray films. However, in patients with bilateral lung lesions, or with no significant x-ray film findings, the site of the bleeding is not always indicated, and selective bronchial arteriographic examination has much diagnostic value in these patients.
The above are our observations on the correlation between the episode of blood in sputum and incidence of bronchopulmonary anastomosis. Bronchopulmonary anastomosis was found in 45 patients (36.9 percent) in this series of 122, but was found in only five patients (3.2 percent) among the 158 with malignant diseases examined in the same period. Viamonte3 states that demonstration of bronchopulmonary anastomoses should suggest a benign process. In fact, of the 122 patients with benign pulmonary diseases, the number of patients who had anastomoses between two systems on selective bronchial arteriograms was more than one third of the total patients. Of the 158 patients with malignant pulmonary diseases, the number of patients found to have such anastomoses by this method was less than 3.2 percent of the total number of patients.
